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Summary. The chemical nature of artificial resins is briefly outlined with the principles 
on which their manufacture is based. As artificial resins are per se electrical insulating 
materials, this property is compared with that for other insulators; the differences between 
“‘Philite” and other insulators are also referred to. Various applications of ‘‘Philite”’ resins 
are then enumerated and discussed, followed by reference to products with special pro- 
perties designed to meet the specific requirements of the consumer. 


Introduction 


The progressive development and expansion of 
the electrical industry has led to an increasing 
demand for cheaper and better raw materials. 
That the demand has not by any means been met 
is shown by the call for materials with low dielectric 
losses (low values of tan 6), which during recent 
years has become very heavy in view of develop- 
ments in short-wave technology. The demand is not 
merely for an insulating material per se, for the 
material required has also to meet a host of other 
requirements. For example a material, such as 
mica, which has an exceptional suitability for 
making certain articles is yet frequently found 
useless in mass production as soon as it becomes 
a question of making units of complicated shape 
by an inexpensive process and which have to be 
within close dimensional tolerances. It may be 
noted that these requirements present insulating 
technology with entirely new problems, especially 
as the consumer is not merely concerned with the 


insulating properties and the mechanical strength, 


but frequently makes a point of specifying a 


pleasing appearance, which can only be obtained 
by very complex and highly perfected finishing 
processes. 

In this article we will show that one of the chief 
reasons why “Philite”, an artificial resin, which 
can be readily shaped by hot pressing, has found 
extensive applications is mainly because it 
can satisfy a host of practical require- 
mentsatoneandthesametime. Fig. | shows 


a selection of “Philite” products, and brings out the 
wide variety of objects into which this material 
can be moulded and for which it can be utilised. 


Fig. 1. Various “Philite’’ products for technical uses. 


Basis of Manufacture of Artificial Resin 


Even twenty years ago resinified products ob- 
tained by chemical reaction were disposed of as 
useless waste. At the present time the exact 
reverse is the case, and in a large number of in- 
dustrial laboratories systematic pro- 
ceeding for still further artificial resins. Of the 
great variety of artificial resins which have been 


evolved in recent years, consideration will be 


search is 
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limited here to the phenol-formaldehyde resins, 
since these form important constituents of various 
types of Philite materials. It would lead too far 
to discuss in detail the chemistry of these resins, 
although an attempt will be made with the aid 
of fig. 2 to explain the fundamental principles on 
which the formation of such a resin is based. If 


HOH2C 


PHILIPS TECHNICAL REVIEW 


Vol. 1, No. 9 


artificial resin filling every corner of the matrix 
or mould. If the body is kept at this high temper- 
ature for a few minutes longer the hardening 
process already referred to takes place, with the 
result that the mass hardens in the mould 
and can therefore be removed from the warm 
mould without the latter having to be cooled. 
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Fig. 2. Formation of phenol-formaldehyde resin. This method of representation is purely 
diagrammatic. The benzene nuclei must be regarded as arranged specially and linked 
to one another in some sort of haphazard arrangement, without giving a “pattern 


as indicated in this figure. 


phenol and formaldehyde are caused to interact 
at a high temperature, then as shown in fig. 2, the 
molecules of these bodies combine to form a reaction 
product which in the figure is denoted by the word 
“resin’’. It is seen that by condensation a very large 
molecule is produced, and the assumption is justi- 
fied that a pressed product of artificial resin (apart 
from fillers, which for various reasons must be 
added) consists of a single large molecule. This 
gradual growth to a so-called macro-molecule 
is the basis of manufacture of “Philite” materials. 
If we remember that the initial materials are fluid 
(or at least solids with low melting points) and 
the final product is a hard mass resembling ebonite 
in appearance, it is evident that in the course of the 
finishing process considerable changes must have 
taken place. In practice it may be observed that 
the transition to the solid finished product takes 
place very gradually. At first the phenol and 
formaldehyde form a resin-like viscous fluid, which 
on further heating gradually hardens to a consis- 
tency comparable to that of asphalt, finally being 
converted into a very hard and infusible. end 
product. The essential factor here is the formation 
of an asphaltic intermediate product, for in this 
stage the mass can be readily liquified in heated 
matrices (150 °C.) under hydraulic pressure, the 


The moulding process in the case of artificial 
resins is thus fundamentally different from that 
employed with metals, such as cast iron, which is 
molten and then poured into a cold mould 
in which it is allowed to cool. The raw material 
for “Philite” is introduced into a hot mould in 
which it hardens as a result of chemical reaction 
specifically promoted by the application of a high 
temperature. 

To make this important characteristic still more 
clear, compare the moulding process employed 
with that which must be used for producing moulded 
articles from a substance, such as asphalt. 

Asphalt can also be liquified by placing into a hot 
mould and applying a pressure, although there 
is here no chemical reaction which results in a 
hardening process taking place. Hence to remove 
the shaped asphaltic article from the mould, 
the latter must be cooled and again reheated before 
pressing of the succeeding article can commence. 
With artificial resin this is naturally unnecessary, 
thus considerably accelerating the process of manu- 
facture. But, as in most cases this advantage is not 
obtained without overcoming certain difficulties, 
since to obtain a satisfactory shape very high 
pressures are required of the order of 300 kg/sq em. 
The matrices thus have to sustain very high stresses 


| 
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and for this reason are usually fairly expensive. 

Fig. 3 shows the variations in certain properties 
of the artificial resin with time during the pressing 
process. It is seen that the tensile strength, as well 
as the stability to heat, increases considerably. 
This is readily accounted for by a further glance at 
the reaction product shown in fig. 2 and when it is 
remembered that the various chemical bonds in 
this molecule have a high energy value (100 to 
200 kilo-cals per gr. equivalent). The significance 
of this is that a considerable amount of energy 
has to be absorbed either in the form of mechanical 
or thermal energy to split these bonds again, 
thus accounting for the mechanical and thermal 
stability. 
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Fig. 3. Increase in the tensile strength T and the stability 
to heat W of an artificial resin with increasing duration of 
pressing. 


ARTIFICIAL RESIN PRODUCTS 


In this brief survey we have limited ourselves 
merely to the artificial resin constituent and have 
made no mention of the fillers in “Philite’’. 
since a discussion of these latter does not enter 
into the scope of the present article. In this con- 
nection it may, however, be mentioned that these 
fillers have a marked effect on both the electrical 
and the mechanical properties of the finished 
material, such that by a rational combination of 
various types of artificial resins and different 
fillers a very varied range of products can be 
obtained. This is indeed one of the reasons why 
“Philite’, as already indicated, can frequently 
be very easily adapted to meet specific require- 
ments. 


Comparison with other Insulating Materials 


It has already been pointed out that “Philite” 
is able to satisfy simultaneously a number of 
different requirements and just for this reason 
it is frequently better than other insulating ma- 
terials. To obtain a closer insight into this com- 
parison the principal requirements generally deter- 
mining the choice of an insulating material have 
been collated in Table I. This summary is, of 
course, not complete since in the first place a 
comparison is limited to merely some of the prin- 
cipal properties. Other properties entering into 
question will be indicated later, as well as the 
position of “Philite” in respect of these. 

The most important property of interest in 
insulating materials, the disruptive strength, has 
in the case of Philite S the not too high value of 
approx. 8 kV per mm. For ordinary low-voltage 
applications this disruptive strength is however 
quite adequate, the difference as compared with 
the higher values given for the three other materials 
being of no special moment. In fact where for high- 


Table I. Comparison of the Properties of Different Insulating Materials 


Tensile | Impact Beene tae tees | Specific | Toleran- | paises: 
strength | value Long Short | strength gravity a EE SS be 
periods | periods he 

eae a af ae ae ES es "/o ie 
“Philite’’ moulding material (Type S) 350 7 140 160 8* 1.35 | 0.2 | Good 
“Philite” sheet material (Philitax) 750 30 140 150 25 1.35 heer Good 
Porcelain 300 2  jaboutl000jaboutl000, 30 2a mabile ws, | | Bad 
Cellulose derivatives (Philite A) 300 50 50 50 50 10 | 1.3—1.6 |Very good 
Ebonite 400 10 60 60 10 12 Fy ea Very good 


*) Other types of “Philite” have a higher disruptive strength, up to 30 kV/mm. 
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tension purposes, a greater value is desirable this 
can also be met as shown in Table II. 

With the aid of Table I let us compare the other 
principal properties of other insulating materials 
with those of “Philite” first the 
mechanical strength as expressed by the 
tensile strength and the impact value; it is seen that 
porcelain has a very low impact value of 2 kgem 
per sqem, the wellknown fragility of porcelain 
making it in fact quite unsuitable for many pur- 
poses. Again as regards stability to heat it is 
observed that just those bodies, such as cellulose 
derivatives and ebonite, which have quite -satis- 
factory mechanical values, give low values for this 
property, mainly because the maximum tem- 


S. Consider 


perature they can sustain is below 100 °C., a 
temperature level which is of very great importance 
in technology. In this respect porcelain naturally 
offers a quite unmistakable advantage, which 
organic bodies, such as the artificial resins, can 
perhaps never hope to equal. This range of high 
temperatures will, it appears, therefore remain 
the preserve of the inorganic substances; but the 
applications at which such a high temperature 
level is not required are so numerous that a very 
wide field still remains for the organic insulators. 
And just in these applications the various kinds 
of “Philite” can prove of inestimable value, since 
en. in the 
tropics can be very readily met, even if an extra 
although not excessive amount of heat is evolved 


specific temperature requirements 


in the electrical apparatus itself. 

As regards the dimensional tolerances 
which can be obtained in the products, a factor 
frequently of paramount importance, it is well 
known that in mass production the choice of a 
material is often determined by the tolerances 
within which a moulded product can be made. 
This is another reason why very often porcelain 
is rejected in favour of “Philite’’ S with its fivefold 
smaller tolerance of approx. | per cent., particularly 
as porcelain, as indicated in the last column, is 
very difficult to work, so that any deviations in 
dimensions are difficult to correct. 

On the whole the principal advantages of 
“Philite” over porcelain are its greater impact 
strength and its greater accuracy in workmanship. 
Other advantages are its low specific gravity, its 
pleasing appearance and the wide range of colours 
in which it can be made. “Philite” is of the same 
colour throughout and is not merely covered with 
a thin varnish which can be readily damaged. 

For outdoor use and under conditions in which 
temperatures exceeding 150°C. may occur, pro- 
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celain is naturally to be preferred to “Philite’’. 

Comparing “Philite’’ S with cellulose derivatives 
and ebonite, the very low stability to heat of the 
two latter is the chief reason for serious objection 
being frequently raised against their use. It is thus 
seen that each of the insulating materials listed 
possesses at least one important property which 
does not compare with that of “Philite” S. 

In addition to its suitability for making all 
standard moulded products, “Philite’’ can also 
be employed for making special compound products 
in which metal or other parts are pressed into the 
material. Fig. 4 shows a radiograph of a moulding 


Fig. 4, Radiograph of a moulded product made of “Philite” 
into which metal parts have been pressed (shown white in the 
picture). 


where the metal component has been completely 
embedded in the “Philite”. Fig. 5 shows diagram- 
matically how such a metal part, here a threaded 
nut M, is pressed into the “Philite”. The nut is 
placed on the pin P of the opened matrix O, which is 
then filled with the powdered raw material (Ph) 
(Fig. 5b). During pressing the mass does not fill 
all the cavities in the matrix but also flows round 
the metal parts (fig. 5c). Fig. 5d shows how the 
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“Philite” (Ph) after hardening in the matrix has 
completely surrounded the brass nut M, holding 
it firmly. Here again it is possible to work to narrow 
tolerances, for the position of the brass nut is 
determined entirely by the pin P, which is attached 


B a b 
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above, the latter being regarded as a standard of 
comparison. 

It is evident that in view of the wide variety 
of demands which technology makes as regards 


an insulating material it is practically impossible 


Fig. 5. Manufacturing process for pressing in a brass nut M into “Philite’ Ph which 
is moulded by pressing in a lower matrix O and an upper matrix B. 


a) Matrix open. 


b) Inserting the brass nut M and filling with raw mixture. 


c) Closing the matrix. 


d) Finished product with embedded nut. 


to a solid part O of the matrix. This method of em- 
bedding metal parts is much simpler than the pro- 
cess employed in which holes are first drilled in 
the moulded article and the metal part then 
secured by putty or screwed in. 


Special Kinds of “Philite”’ 
In the following, brief reference will be made to 


several variaties of “Philite’’, each of which differs 
in some particular or other from “Philite” S referred 


Tabel II. Some of the Principal Properties of Special “Philite” Products *) 


to find a single substance which will satisfy every 
single requirement. For this reason a large range 
of special types of “Philite” have been evolved and 
are employed for various products. Table II gives 
a survey of a selection of these varieties and also 
includes, to facilitate comparison, the corresponding 
properties of the standard “Philite’’ S. For the 
other kinds of “Philite”, figures are only given 
where the relevant properties differ appreciably 
from those of “Philite” S. 


Tan din 10—4|__ 


| Stable up to | | 
Tensile Impact | temperatures Disruptive | at 200 m 
strength value capacity | (1.5 > 10° | Other characteristics 
| (long period) | | eycles) | 
fin! ke em in ke cmem—2 chi AQ, in kV mm—| | 
at tS eee ee ee ee = foie ee = — 
CVs TNS cece ol to ne 350 7 140 8 | 500 | See Table I. 
ala hilitesaellmemc tans art anit _ | —- 180 leeletotno = _ For high temperatures. 
High-tension “Philite” . . . — | — | — | 30 = High tension material for 
| | | | indoor situations. 
High-frequency “Philite’” P — — | 60 | 20 ie Zatoteo 20000 per matrix and 
| | per week; not stable to 
: heat. 
High-frequency “Philite” 160 Between 200 = | 180 30 55 | General high-frequency 
(in various kinds). . . . .) and 300, ac- | _ use. 
cording to 
kind | | 
Mlskedasbbilitesss 21.0. . | —_ 10-15 | — about 1 — | High impact strength. 
SAU TATIS HOA ILCHMMysERs Ns, bets © — — — _ — Transparent. 
Acidproof “‘Philite” ... . = -—- | — — a | Inter alia, unattacked by 
| strong HCl, 30 per cent 
| | peaphuri acid and HF. 


*) For the sake of simplicity only those values are given for each material which differ considerably from the corresponding 
values for “Philite” S$. On application the exact values for the properties of each specific material will be gladly supplied. 
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The first requirement specified by users of 
artificial resins is their ability to withstand 
high temperatures. It is obvious that in 
the case of an organic body, such as an artificial 
resin, the same high stability cannot be attained 
as with, for instance, porcelain. Nevertheless a 
satisfactory stability to prolonged heating up to 
180 °C. can be attained as indicated for “Philite I” 
in Table II, and which is quite satisfactory for a 
large number of technical applications. 

The very frequent demand for a material with 
a very high electrical disruptive value is met by 
High-Tension Philite which has a 
strength of 30 kV per mm, a value roughly the same 
as that for porcelain. Although the use of this 
material is limited to indoor locations, it yet offers 


disruptive 


many advantages over porcelain in view of its 
high mechanical stability and the low dimensional 
tolerances to which it can be worked, as well as 
the ease with which metal parts can be pressed 
into it, so much so that it has already found very 
extensive use. 

Two types of high-frequency “Philite” have been 
evolved to meet the increased demand for materials 
with low dielectric losses. High-frequency Philite P 
with a value of tan 6 = 2 to 5- 10-* offers excep- 
tional advantages in this respect, and enables values 
to be obtained which are nearly equal to the best 
other materials in this class, such as mica and 
quartz, but which are not susceptible to moulding. 
On the other hand, this material has the dis- 
advantage that its stability to heating is low, viz., 
about 60°C. To overcome this difficulty High- 
Frequency Philite 160 was evolved which can be 
produced with different tensile values, and similarly 
to “Philite I’ can withstand heating to a temperature 
of 180 °C. Although this advantage has been gained 
to a certain extent at the expense of the phase 
difference, yet tan 6 = 55-10% as compared with 
“Philite S” (tan 6 = 500-10*) is so low that Philite 
160 still has many practical applications. 

The mechanical strength will naturally al- 
ways remain an important consideration, especially 
as “Philite” has in recent years become extensively 
employed in directions other than those for which 
it was originally intended, viz., as an insulating 
material, and in these supplementary applications 
properties entirely foreign to good insulation have 
been required. The impact value of 10 to 15 kg-cm 
per sq cm of “Flaked Philite” closely approaches 
that of various kinds of wood, and components 
made of this material thus possess very high 
mechanical values. Whilst the insulation properties 
have become slightly reduced, the final product 


Voll Now 


is still an insulating material with exceptional 
impact strength. 

“Transphilite’ is a material which is made with 
a variety of transparent colours and is used for 
certain lighting fittings. 

A special “Philite’’ product which must be men- 
tioned is the acid-proof variety of “Philite” which 
has been evolved for use in chemical works, being 
practically unattacked by various concentrated 
acids. It is interesting to note that contrary to 
glass this product is not attacked by hydrofluoric 
acid, and in view of this property it is frequently 
employed in place of glass. 


Flat sheets of “Philite” 


Up to the present reference has been limited to 
artificial resins which could be moulded to any 
desirable shape. In addition there is a series of 
artificial resins which are only suitable for manu- 
facturing flat sheets which can be easily cut 
with the saw. Sheet “Philite” is supplied in various 
kinds, distinguished for exceptional mechanical 
properties, in this respect being comparable to 
wood. 

“Philitax”, whose principal properties are 
enumerated in Table I, is one of the best materials 
for making insulating sheets. In small thicknesses 
(e.g. 1.5 mm) it can be easily cold stamped, as 
well as hot stamped up to a thickness of 7 mm. 
In this way simple mass-production articles can 
be produced from it as shown in fig. 6, and similar 


Fig. 6. Stamping of articles from “Philitax’’ sheet material. 


to stamped metal plates and sheets. It is not only 
extensively used in the construction of switch- 
boards, but also for interior components in a large 
range of electrical apparatus since owing to the 
ease with which it can be worked it combines 
cheapness with desirable mechanical and electrical 
properties, without requiring expensive matrices. 
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“Philitext” meets the need for a very high 
impact value, which in the case of this material 


is 50 kg cm em-?. Electrically, this material is not 


, hia " | 
UM Ml 


Fig. 7. Silent gears made of “Philitext’’. 


quite comparable to “Philitax’’ whose electrical 
characteristics are high; it has become widely 
adopted since it is suitable for manufacturing 
bearings which can be water lubricated, as well 


Lf . = 
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as for making silent gear wheels, a selection of 
which is illustrated in fig. 7. In these directions 
in particular “Philitext” offers a number of still 
further potentialities. It should be mentioned in 
this connection that the friction of bearing materials 
made with artificial resin as a base is roughly 
comparable to that of good bearing metals (co- 
efficient of friction 0.1). In addition artificial 
resins have the advantage of being unattacked by 
acids and alkalies, permitting lubrication with 
water and offering a long life. 

This brief outline of the characteristics and 
properties of the “Philite’”’ range of artificial resins 
will suffice to indicate to what extent the varied 
requirements of consumers can be met. Techno- 
logical advances, however, continue to be made 
and it may be confidently expected that in the 
course of the next few years further additions 
will be made to the comprehensive list of existing 
“Philite”’ 


meet other specific requirements. 


products and which will in their turn 
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Summary. Two important improvements 1n radio receivers, viz., touch tuning and low 


In touch tuning sharp tuning is indicated by the turning of the tuning knob suddenly 
becoming stiffer; in the circuit employed a braking magnet which brakes the tuning-knob 
shaft is magnetised on sharp tuning. This device has been supplemented by an arrangement 
which by mechanical means keeps the set perfectly silent as long as no station has been 


With low-frequency counter-coupling the distortion occurring in low-frequency ampli- 
fication is reduced to a small fraction of its value in the absence of counter-coupling, 


the frequency relationship of amplification being favourably influenced at the same time. 
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By C. J. VAN LOON. 
frequency counter-coupling, are discussed in detail. 
sharply tuned in. 
Introduction 


The most important characteristics of radio 
receivers are unquestionably their purity of repro- 
duction, their selectivity and their sensitivity. In 
the course of the technical development of receiving 
sets the quality of reproduction has been improved 
in various directions, thus the acoustic reproduction 
of the loudspeaker, which during the first few 
years of broadcasting was limited to a comparatively 
narrow range of audio-frequencies, has steadily 
been improved upon such that a range of for 
instance 40 to 10000 cycles/sec. can now be re- 
produced with satisfactory uniformity. Further- 
more, the technical design and construction of 
the various amplifying stages in a receiver and the 
outputs of the amplifying and output valves have 
been raised to a high stage of development, these 
also to the marked 


advances being naturally 


advantage of purity of reproduction. 


Controllable Band Width 


Similar far-reaching improvements have also 
been achieved in regard to the selectivity of sets, 
such refinement having become indispensable under 
present-day conditions of broadcasting with power- 
ful transmitters -utilising frequencies which are 
extremely to those employed by weak stations. 
On the other hand, however, a very high selectivity 
cannot be coupled with the requisite purity of 
reproduction. A small resonance curve as shown 
in fig. 1a results in the side bands of the incoming 
signal being damped, so that high modulation 
frequencies are far too weak and reproduction 
sounds heavy or “flat”. An improvement is ob- 
tained by making the resonance curve less sharp 
(see fig. 1b), when as large as possible a portion 
of the side bands is transmitted undamped. Further 
investigations in this direction have led to the 
so-called “controllable band width’ which is used 


to an increasing extent in superheterodyne receivers. 
By adjustment of the coupling between the cir- 
cuits in the intermediate frequency section, the 


“10 =8..-6! =4 9-2) , OM 2444= tote eures 
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Fig. 1. Resonance curves, with intensity plotted as a function 

of the detuning in kilocycles. 

a) Small resonance curve; the higher modulation frequencies 
are reproduced much too weakly. 

b) Smoother resonance curve: a greater part of the side bands 
is transmitted undamped and the selectivity is lower. 

c) Example of a resonance curve as obtained with controllable 
band width on adjustmant to “wide’’. 


resonance curve can be made narrower (as shown 
in fig. 1b) or wider (as in fig. Ic) just as required. 
A wide transmission band is employed where a high 
selectivity is not required, since the transmitter 
tuned in is powerful or there is no interference from 
adjoining stations; the high audio-frequencies are 
then not weakened so that reproduction is of an 
exceptionally high quality. Where a high selec- 
tivity is required under the conditions ruling, a- 


narrower transmission band is chosen, which 
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however unavoidably leads to a loss of the high 
notes. 


Automatic Volume Control 


An improvement which has been incorporated 
in a large number of radio-receiving sets for 
several years is the automatic control of volume, 
consisting in producing an automatic decrease in 
the amplification of a set as the signal at the 
detector becomes more powerful. The marked 
differences between the input signal voltages 
(a medium-strength signal, for instance, gives 
0.1 millivolt in the aerial, and the signal from a 
powerful local station, 500 millivolts) are reduced 
considerably in the set itself by the automatic 
volume control. 

The pronounced advantages of automatic volume 
control both as regards fluctuations in the strength 
of the station tuned in (fading effects) and when 
listening in to a number of stations of different 
outputs in succession, are too well known to require 
detailed discussion. Such control, however, introd- 
uces a number of difficulties; for instance it is more 
difficult with an A.V.C. to determine sharp tuning 
of a station. In receiving sets without automatic 
volume control sharp tuning presents no difficulty, 
for tuning by ear is merely continued until a 
maximum volume of reception is obtained. On the 
other hand, accurate, audio-tuning is much more 
difficult in those sets equipped with automatic 
volume control and also having a_ resonance 
curve with a flat peak; on slight detuning of the 
set there is no detectible difference in volume 
since automatic control compensates for any 
reduction. 

It thus becomes necessary to employ as a cri- 
terion of correct tuning a maximum volume of the 
low notes or a minimum of distortion. This method 
of tuning requires, however, considerable skill 
with the result a set of this type is frequently 
flat tuned, thus affecting the purity of reproduction 
owing to the absence of the low notes and the 
occurrence of distortion. 


“Touch” Tuning 


It is not surprising, therefore, that means have 
sought to eliminate these difficulties and which 
would indicate in a simple manner when sharp 
tuning was realised. One method evolved for this 
purpose was that of “visual” tuning in which 
a maximum or minimum deflection of a pointer 
was obtained when tuning was sharp. Circuits 
were also evolved with which, as in early receiving 
sets, a fairly definite maximum volume was ob- 
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tained when sharp tuning was attained so that 
tuning was again an audible process. In this labor- 
atory an entirely new method of tuning has how- 
ever been developed, viz., a method of “touch” 
which accurate 


adjustment. Sharp tuning is here indicated by a 


tuning, considerably facilitates 
sudden braking of the tuning knob, being achieved 
by means of a circuit in which as sharp tuning is 
approached there is a sudden increase in current 
which is utilised to hold the tuning shaft by means 
of a magnet. An arrangement can also be quite 
easily incorporated with this circuit which by mech- 
anical means keeps the receiver completely silent 
until it has been sharply tuned to the station 
(socalled “silent’’ tuning); as soon as the braking 
magnet is energised a contact is closed at the same 
time which connects up the loudspeaker system. 
In this way “touch” tuning is combined with 
“silent”’ tuning. 

We shall discuss the operation of the “touch” 
tuning circuit with the aid of a number of diagrams. 
Assume that the receiving set which has to be 
equipped with the “touch” tuning system is a 
heterodyne receiver of the type shown diagram- 
matically in fig. 2. 

When the set is sharply tuned the high-frequency 
portion is adjusted to the frequency of the in- 
coming signal and at the same time the oscillator 
tuned to a frequency such that the differential 
frequency generated in the mixer valve is exactly 
equal to the intermediate frequency f, to which 
the intermediate-frequency portion is tuned. 
On a slight departure from the sharp-tuning 
position by giving the tuning knob a little turn, 
the oscillator becomes detuned. The differential 
frequency has thus been altered and no longer 
coincides with the intermediate frequency. The cir- 
cuits in the high-frequency portion are also detuned, 
so that in consequence there is a slight change in the 
amplitude of the signal passed to the mixer valve. 
If detuning is not excessive, then owing to the 
operation of the automatic volume control it may 
be expected that to a first approximation a signal 
whose frequency varies while the amplitude remains 
substantially the same will be obtained at the out- 
put of the intermediate-frequency amplifier, i.e. 
at P; on sharp tuning the frequency is exactly 
equal to the intermediate frequency /f. 

The circuit shown in fig. 3 is now connected to 
P through a small condenser C,. This arrangement 
consists of a circuit (L Cr) which is tuned to the 
intermediate frequency fj. The oscillating alter- 
nating voltage in this circuit is rectified by the 
diode D, so that a direct voltage is obtained at 
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Fig. 2. Circuit of a super-heterodyne receiver. The intermediate-frequency signal for 


touch tuning is tapped from the point P. 


the 


condenser C,. R is also connected in series with 


resistance R, which is by-passed by the 


a direct-current source V, whose negative pole 


P 


Cy 


R Vat p71a2 


Fig. 3. Equivalent circuit for “touch” tuning. On sharp 
tuning of the set a voltage is obtained at P (see also fig. 2) 
which is passed through C, to the oscillating cireuit LCr 
tuned to the intermediate frequency; on sharp tuning the 
voltage in this circuit is greater than V, so that the diode D 
with which the threshold voltage V, is connected in series 
acts as a rectifier and furnishes a direct voltage at the resist- 
ance R which serves for operating a braking arrangement. 
As detuning becomes greater the voltage in circuit LCr 
become smaller, so that from a certain degree of detuning 
Vp prevents rectification and the brake no longer operates. 


is connected to the anode, so that in the absence 
of alternating voltage in the circuit the anode of 
the diode is negative with respect to the cathode. 
It should be noted that a rectified current only 
commences to flow when the amplitude of the 
alternating voltage is greater than the threshold 
voltage V,. 

When the receiver is sharply tuned pole P, as 


we have seen, will have a voltage with the frequency 
fo. The voltage resulting therefrom in the oscillating 
circuit will have an amplitude V,. On slight de- 
tuning the amplitude of the voltage in P will 
remain practically unchanged. If the frequency 
is altered to fo + Af (or fo — Af) the circuit 
voltage will then drop to: 


V 


If Vj > Vz the diode will pass current at tuning 
and a direct voltage will be produced at R. On 
detuning this current ceases to flow as soon as Af 
reaches a limiting value 4f,,,, as expressed by the 
equation: 


Thus by a suitable choice of the threshold 
voltage Vj, it is possible to determine in what 
frequency range on both sides of the resonance 
frequency fo rectification will occur and a direct 
voltage be obtained at resistance R. This direct 
voltage can, for instance, be utilised for modulating 
an amplifying valve such that a magnet inserted 
in the anode circuit of this valve will brake the 
tuning-knob shaft. 

By this method “touch” tuning of stations of a 
specific strength becomes possible. But if a station 
is chosen with e.g. a much greater strength, the 
voltage in P, in spite of automatic volume control, 
can be as much as several times greater than in the 
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case just considered. As a result the frequency 
Sweep over which “touch” tuning is effective will 
also increase. Consider the example of a circuit 
in which r/L = 6280 sec’ and V,/V, = 0.86. From 
equation (1) we get Afj,,, = 300 cycles/sec. If for a 
more powerful station V, is, say, twice as powerful, 
V,/Vo will be 0.43 and hence Af,,, will be 1050 
cycles/sec. The range over which touch tuning 
operates thus varies fairly considerably for trans- 
mitters of different strengths, so much that the 
tuning knob in the case of the powerful stations 
becomes already braked at an excessive distance 
from the sharp-tuning position. 

This difficulty may be overcome in the following 
way. It follows from equation (1) that for a given 
value of r/L the term A f,,,, 
value, provided the ratio of V, to V, is unchanged. 
This would be the case if in the circuit shown in 
fig.3 the threshold voltage V, were not constant but 


will also have a definite 


increased in proportion to Vj. Fig. 4 shows how 
this is achieved and represents two circuits, I and IJ, 
which are both tuned to the intermediate frequency, 
as well as two rectifying diodes. C,; is a small 


condenser. 


I 
C1 


I71FS 


Fig. 4. Improvement of the circuit shown in fig. 3. The voltage 
of circuit | is rectified by the diode D,. A part of the direct 
voltage obtained serves as the threshold voltage Vp for the 
second rectifying circuit (circuit I], diode Dy, resistance R). 
By means of this circuit the diode D, always rectifies in the 
same frequency range on both sides of the sharp tuning 
position, almost independently of the signal strength in P. 


The diode D, rectifies the voltage in circuit I, 
part of the rectified voltage constituting the thres- 
hold voltage V, for the rectifying circuit of D,. 
This circuit ensures that the rectifying action of the 
diode D, always commences at the same degree 
of detuning A f,,,, irrespective of the signal strength 
in P, whereby a direct voltage is obtained at the 
resistance R which through an amplifying valve 
energises the braking magnet. 

In the practical design of this arrangement as 
shown in fig. 5 circuit I is not connected directly 
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to P in the intermediate-frequency section. but 
is linked up through an amplifying valve L. Valve L 
is modulated by the rectified voltage at R; in the 


sharp tunning range the voltage at R makes the 


Fig. 5. Practical design of a circuit for touch tuning. Circuit | 
(cf. also fig. 4) is not connected directly to the intermediate 
frequency portion at P but through an amplifying valve L. 
The direct voltage obtained at R on sharp tuning is passed 
to the grid of L and reduces the anode current in this valve; 
as a result the relay trips and the brake comes into operation. 


grid of L more negative so that the relay inserted 
in the anode circuit of L trips and thus closes a 
contact in a circuit which energises the braking 
magnet. If the relay simultaneously closes a second 
contact, for instance for switching on the loudspeak- 
er, a “silent’’ tuning system is arrived at in a very 
simple way. 

Fig. 6 gives a view of the braking system where 
an iron dise is attached to the tuning-knob shaft 
opposite to the braking magnet. This disc is secured 
on the shaft by a spring and cannot be turned about 
the shaft but only displaced along it, so that it is 
attracted towards the braking magnet when the 
latter is energised 


Counter-coupling 


Brief reference has already been made above 
to the fact that developments in radio valves, 
and in particular in output valves, have also 
included an improved purity in reproduction. 
The immediate means for reducing the distortions 
in reproduction has appeared to be the introduction 
of high-output last-stage valves. At the same 
time a circuit was evolved in this laboratory, which 
has been employed in a variety of receiving sets 
and which may be termed that of low-frequency 
counter-coupling. With this circuit the distor- 
tion occurring in the low-frequency part of a 
receiver is reduced to a very small fraction of its 
initial value, while at the same time the frequency 
characteristics of reproduction are also favourably 
influenced. 

If an alternating voltage V, is applied to the grid 
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of an output valve, an amplified alternating 


voltage V, will occur at the load resistance in the 


a 


anode circuit. A part n V,, of this output voltage 


a 


Fig. 6. Brake. An iron disc is fixed on the tuning-knob shaft 
opposite to the braking magnet. The disc is attached to the 
shaft by means of a specially-shaped spring and is thererefore 
constrained to move along the shaft only, so that it is drawn 
towards the brake magnet when the latter is energised. 


can be fed back to the input circuit. If this fed- 
back voltage is in phase opposition to the input 
voltage V; we can speak of counter-coupling (or 
opposed coupling). The amplification is reduced 
by this counter-coupling, as well as the distortion 


in almost the same ratio. 


171147 


: “lr 


Fig. 7. Circuit of a counter-coupled output valve. A part 
nV, of the anode alternating current V,, which is generated 
by the grid alternating current V,» is fed back to the grid 
in phase opposition to the input voltage V,. 


The circuit of a counter-coupled output valve is 
shown in fig. 7; the load is not inserted directly 
in the anode circuit but is connected up through 
an ideal transformer with a 1:1 ratio in order 
to be independent of the direct voltage of the anode 
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battery. If the amplification of the valve is m, 
we have V, =m V,. As furthermore V, = V;—n V, 
we thus get V, = m V,;—mn V <:08s 


so that the amplication has been reduced by a 
factor (1 -+- mn) by counter-coupling. If n is made 
so great that mn y» 1 then V, will approach 
the value V,/n. Thus as the counter-coupling 
increases the amplification becomes pregressively 
more independant of m, i.e. of the characteristics 
of the valve, so that the distortion also becomes 
steadily smaller owing to the non-linearity of the 


valve characteristics. 


For a closer investigation, the non-linearity 


between V, and Vz as follows: 
Vig ey i By eee Oy ck eA 


The alternating voltage \V, is equal to V,,, cos wt, which 
substituted in equation (2) gives: 


express 


Vi =a Mon cos wt + B Vow cos2@t + In cosa 4 


To a first approximation’) this expression may be written as 
follows: 


v= wife) eres = Gi Me cost + 1/5 B vee cos 2 wt 
+449 Vea cos 5 @t. 


We thus have terms containing 2m and 3m, i.e. distortions 
due to the second and third harmonics respectively. 

If we denote the amplitudes of the first, second and third- 
over-tones of V, by Vises V,. and Vay? we then get: 


a2 


Vay =O Views Vag = 190 V gre BEC et eee 


With counter-coupling we get for the relationship between 
V, and Vip 


L 


V = Vin Vokes Sein eee as 


Equations (2) and (3) together express the relationship 
between V, and V;. Let us write V, also as a power series of 


V,; to do this we must first “invert’’ equation (2), thus getting: 


B 


1 2 p2?—ay 
Vg Sy aes Vitra) oak 


Substituting from equation (3) we find: 


pe 
v= (L+0\v.— A ve478 St rea 


a / a a? 
After “inversion” this equation becomes: 
a B 1 +an)—2 p2 
V+ (ope ee 
titan (1 + an) 3 (1 +an)5 ; 


which neglecting the small terms as usual may be written as 
follows: 


i / pe ae 
V,=4a a P ( Me )+ is | Mi Ne 
{+tan it-+an\t+an {+an\i+an 


Vv 


a 


y 


We have thus obtained the non-linear relationship between 
V, and V,; with counter-coupling. 
In the same way as adopted above we get for the am- 


plitudes of the first, second and third harmonics the following 
expressions: 


1) We neglect 3/, y Vm against a 
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J 1+an 
B Vi? 


| um 
1+tan\1+an 


y im \° 
eu ee 
: 1+an\it+an 
We thus see that to obtain the same output voltage 
Vq, When introducing counter-coupling an input voltage 
Vim = (1 +an) V om 18 required, so that the amplification is 
reduced (1 -+- an) times; at the same time V,, and Vas are 


reduced in the same ratio. 


This is shown graphically in fig. 8 where for the 
AL 4 output valve with an anode load of 7000 ohms 
the distortion with and without counter-coupling 
is plotted as a function of the energy passed to the 
anode load; the factor (1 + a n), which denotes 
the degree of counter-coupling was here taken 
as approximately = 4. 


We 
Va= 250V le 
= 250V 
8 Pamee a 
Ra =7000.2 ( 
6 
Bi 2 
4 
If 
2 | [ 
I om af 
(6) 
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Fig. 8. Distortion in the AL 4 output valve with an anode 
resistance of 7000 ohms plotted as a function of the power 
developed in the anode resistance, without counter-coupling 
(curve /) and with fourfold counter-coupling (curve I). 


In the above discussion we have in every case 
assumed an anode resistance independent of the 
frequency. Actually the load is provided by a 
loudspeaker whose impedance varies fairly con- 
siderably with the frequency. At the resonance 
point, which is usually situated between 50 and 
100 cycles/sec. the impedance is a maximum. 
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Above this point it is practically constant over a 
specific range, increasing again at still higher 
frequencies. It is evident that this variation in 
impedance will affect the fluctuations in loudspeaker 
current or the loudspeaker voltage as the frequency 
varies and hence also the purity of reproduction. 
Counter-coupling thus offers a means whereby 
an arbitrary choice of the frequency characteristic 
can be made. If for instance for all frequencies the 
same fraction of the voltage V, at the load is taken 
as the counter-coupled voltage, which will corres- 
pond to a fixed fraction n, the voltage V, 
progressively less with the frequency as the counter- 


will vary 


1 


a 


independent of the frequency. If, on the other hand, 
more powerful reproduction is desirable over a 


coupling increases; eventually V, = V,/n, i.e. quite 


specific frequency range, for instance in the higher 
notes, the counter-coupling can be so adjusted 
that it is smaller for the range in question than for 
other frequencies. 


Fig. 9. Circuit for a counter-coupled amplifier in which the 
voltage is not fed back to the grid circuit of the output valve 
but to the grid circuit of the preceding amplifying valve. 


Fig. 9 shows a further circuit in which the counter- 
coupling is not applied to the grid circuit of the 
output valve but to the grid circuit of the preceding 
amplifying valve. This offers, inter alia, the ad- 
vantage that not only is the distortion in the output 
valve reduced but also the distortion in the whole 
of the two-stage low-frequency amplifier. 
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PRACTICAL CALCULATION OF FILTERS WITH SINUSOIDAL E.M.F. 


Summary. In this article the characteristics of filter sections are systematically discussed 
by the method of Campbell and Zobel'), in which the filters are defined by their 
image impedances Z, and Z, and the propagation constant T. Some simple fundamental 
types (T-sections, I/-sections and half-sections) are analysed in detail. From the character- 
istics of the filter sections the characteristics of compound filters can be directly derived, 
the filter sections of the latter being closed by their image. impedances. Particularly 
useful for obtaining a systematic survey of the subject is a study of filters composed of 
non-dissipative impedances (inductances and capacities). In these cases there are sharply- 
defined transmission and attenuation bands in the frequency range. In the sections dealing 
with the m,-transformation and the m,-transformation, a method is outlined for deriving 
from T-or I/-sections a series of new filters having the same image impedances and trans- 
mission and attenuation bands, but a different propagation constant, the latter being 
defined by equations (25) and (31). If this transformation is applied to the asymmetrical 
half-sections only one of the image impedances remains unchanged, the other being 


Vol. 1, No. 9 


altered as determined by equations (24) and (30). 


Magnitudes, defining the filters 


As indicated in the first article 2) the character- 
istics of a filter can be expressed in terms of three 
parameters. In the following +) we shall select for 
these three parameters the primary image imped- 
ance Z,, the secondary image impedance Z, and 
the propagation constant T. The calculation of 
these magnitudes for a given filter is based on 
another system of variables whose values can be 
readily determined, viz., the primary and secondary 
open-circuit and short-circuit impedances Z,,, Z,;; 
Z,, and Z,,, which being impedances of simple 
networks can be easily calculated. After determining 
these magnitudes we can calculate from them Z,, 
Z, and T using the formulae in the table on pp. 242 
and 243 of the previous issue of this Review: 


ZANTE? ied nen eaten (1 
Liens Zi 2 cota ee 2) 
ranch Te /2 eta) 
Lis 
As Z4,/Z.. = Zx/Zy.. in equation (3) this quantity 


has been abbreviated for the sake of simplicity to 


Z,/Z,. Equation (3) can also be written in the 
following form: 


*) Campbell, Bell Syst. techn. J., vol. 1, No. Zee O 22s 
Zobel, Bell Syst. techn. J., vol. 2, No. 1, 1923. 


*) Cf. Philips techn. Rev., 1, 240, 1936. For the following 
see the large table line 3, column 3. 


dpa ie 
x “4; 
eee oo a Sie oD) aw. oo (4) 
Tot | i 
Z, 
In general Z, and Z,, and hence also T, are complex. 
If we put: 
T=a+jB 
we get: 
Limi Z IZ, 
ae pee. -@ 7? = ee Me SO) ee ea 
G Le ly 


It is thus seen that a determines the attenuation 
and f the phase difference between I, and I,. 


Filter sections 


The design of a filter to meet specific requirements 
usually consists of a stepwise process of compounding 
a certain number of filter sections. We shall 
limit discussion below to the symmetrical T-section, 
the symmetrical //-section and the half-section. 
As already indicated two impedances are all that 
are required for a symmetrical filter to define the 
characteristics of the filter. To construct a filter 
section we therefore start from two impedances 
Z, and Z, (fig. la) which are termed “full branches” 
and from these build up the sections enumerated 
in the manner shown in fig. 1b, c, d and e. If two 
half-sections are suitably connected in series, we 
get a symmetrical T-section or a symmetrical 
II-section (fig. 2). A half-section can therefore be 
regarded as half a T-section or as half a JJ-section. 


—a 
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Fig. 1, Filter sections made up of the “full branches” Z, and Zy, 


a) Full branches, 


b) Symmetrical T-section, 
c) Symmetrical /-section, 


d) Half-section, 
e) Half-section. 


faz; Vez, 


222 222 


a 
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Fig. 2. a) T-section composed of two half-sections, 
b) U-section composed of two half-sections. 


Compound Filters 


A compound filter is obtained by connecting 
individual filter sections in series. The image 
impedance and the propagation constant of this 
compound filter may be determined from the 
corresponding value of the separate sections. 

As already pointed out the primary image 
impedance Z, is the impedance across the primary 
terminals 1 and 2 when the secondary terminals 
3 and 4 are closed with the secondary image 


impedance Z, (fig. 3). 


{ Bi Vez) 3 
— Zb 


2 4 - 
17161 


Fig. 3. Filter section, secondary closed with the corresponding 
image impedance. 


It is immaterial how the impedance Z, is produced; 
it can, for instance, even consist of a filter with a 
primary image impedance Z,, whose secondary is 
closed by its own secondary image impedance Z,. In 


the diagram (fig. 4) this second filter is equal to the 


if 1 Vez} Ye7, 3 12 ez YZ, 
cf Za 
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Fig. 4. Filter section, secondary closed with a closed filter 
section, 


given filter, so that Z, = Z, = Z,; this is naturally 
not imperative, for the only condition which must 
be met is that the interconnected image impedances 
must be equal and the output of the second 
filter must be terminated with the corresponding 
image impedance. 

In this way filter chains can be compounded of 
any number of sections, the primary image imped- 
ance Z, of the whole filter remaining equal to 
the primary image impedance of the first section. 
Hence the secondary image impedance of the 
whole filter is equal to the secondary image 
impedance of the last section. If the image imped- 
of the 
impedance of the compound filter will not be 


ance sections are different, the image 
equal to that of the terminal sections and will 
in general be an irregular, fluctuating function of 
the frequency. This gives the undesirable result 
that I,/I, also will vary irregularly with the fre- 
quency. Thus in the practical design of filters it 
is usually to make the two image impedances at 
the junctions of two sections equal to each other. 
This is assumed to be so in every case in the 
following analysis. 

The propagation constant T of the compound 
filter is calculated from the propagation constants 
T,, T>, T; ... T,, of the individual sections. We have 
seen above (5) that I,/I; = yZ./Z,-¢  ~ It 
follows from fig. 4 that the secondary current I, 
of the first section is the primary current of the 
second section. Similarly the secondary current J; 
of the second section is equal to the primary current 
of the third section, and so on. For a compound 
filter made of n sections we have therefore: 


bo 
AQ 
ne) 


Tie 7 ae 
ie eS oe ] : 

, Z, 

Te [2 ae 

== ||) e 2; 

I, hy 

I qe Ly ee if Z, e 7; T,, P 
ie oe | Zea 


The continued product of these equations is: 


Lea iif =\/5" by dhe —(T] SP UA Se one SF Tp) R * a . (6) 


Zee 

ee ee constant of the compound filter 
is hence equal to the sum of the propagation 
constants of the individual sections. 

The relationship between the primary and the 
secondary currents of the filter is deduced from 
the assumption that on the secondary side the 
filter is closed with its image impedance. In practice 
this is however never the case at all frequencies, 
sv that I,/I, is found to be a non-uniform function 
of the frequency in the transmitting bands; the 
deviations from uniform variation will be the 
greater the greater the secondary terminating 
resistance deviates from the secondary image 
impedance. An endeavour must therefore be made 
to match these two impedances as closely as 
possible in the transmission bands. As we have 
already seen, the image impedances of compound 
filter sections are equal to those of the terminal 
sections. In the following chapter it will be shown 
that the image impedance in the transmission band 
is a pure real resistance, which however varies 
with the frequency. We shall later discuss several 
special forms of terminal sections, in which the 
image impedance throughout the greater part of 
the transmission band is practically independent 
of the frequency. If a tecminal section of this 
character is closed by a suitable constant resistance, 
a very close approximation to the above ideal case 
is obtained. The very tedious, accurate calculation 
of I,/I, will not be dealt with in this series of lectures. 

We shall study a large number of different classes 
of filter sections of which a few will have the same 
image impedances but different propagation con- 
stants which vary with the frequency. Filter sections 
will also be included with propagation constants 
of the same function of the frequency but with 
different image impedances. To construct a filter 
with a propagation constant meeting specific 
requirements, a number of known types of filter 
sections are linked up, their choice being such 
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that the sum of the propagation constants of the 
individual sections gives the requisite frequency 
function. Furthermore from the sections with the 
same propagation constant those types are selected 
that give the same image impedances at all junctions 


of the sections. 
Filters composed of non-dissipative reactances. 


Optimum energy conditions are required in the 
transmission band. If the filter contains resistances 
energy will be lost so that as a rule a filter 


will be built up from reactances self-inductances, 
capacities and mutual inductances having the 
minimum possible dissipation. True non-dissipative 
reactances cannot be realised, but the loss can be 
reduced to a minimum. We shall therefore first 
consider some characteristics of ideal filters com- 
posed of non dissipative reactances. 

For these filters the open-circuit and short-circuit 


impedances Z,,, Z,,, Z,, and Z,, are imaginary 


ao? 
(for certain specific frequencies zero or infinite), 
as they are impedances of networks composed 


Z,/Z, as a 


quotient of two imaginary quantities is however 


exclusively of imaginary impedances. 


real. 

If in a certain frequency band Z,,/Z, is negative 
then it follows from equations (1) to (5) that Z, 
and Z, are real and T is imaginary, ie. a = 0. 
A real impedance in a passive network is never 
negative, so that Z, and Z, are here positive 
and real. It thus follows from (5) that: 


Hence |J,? Z, = |I,? Z,, i.e. the apparent power 
input on the primary side of the filter is also 
available at the secondary. The filter thus causes no 
altenuation; this frequency band is thus a trans- 
mission band. The propagation constant is here 

= j # signifying that the phase angle between 
I, and I, is 6. If in a particular case Z, = Z, then 
I,, = 1,7; the amplitudes of the primary and 
secondary currents are then equal. 

Ifin a particular frequency band Z,/Z, is positive, 
then we have pari passu that Z, and Z, are 
imaginary and T = a +j 6 = complex, where 
a> 0 and f is a multiple of ~/2. We, then have 
Ts Zi ede the apparent power output on the 
secondary side of the filter is thus smaller than the 
input of the primary side. The filter thus has an 
attenuating effect, so that this frequency band is 
therefore an attenuating band. 

It is found from the above that for a filter 
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composed of non-dissipative reactances the image 
impedances in the transmitting bands are real and 
in the attenuating bands imaginary; they are 
therefore never complex. 

The frequency at which a transmission band 
passes over into an attenuating band is termed the 
limiting frequency; Z,/Z, here changes from a 
negative to a positive value and is therefore zero 
or infinite. 

Special importance attaches to the frequencies 
at which Z,/Z, = +1. For from equation (4) it 
follows that for these frequencies e “’ = 0, so that 
from equation (5) I, = 0, i.e. the filter allows no 
current to pass with these frequencies, which are 
termed frequencies with infinite attenuation. 
It is also evident that the attenuation is infinite 
ee eee ete when Z,.—=—-Z,. Z.,-— Z,, 
signifies that shorting or opening the secondary 
terminals does not affect the impedance between 
the primary terminals and hence does not alter the 
current distribution in the filter. With the secondary 
terminals open just as little voltage is present as 
when these terminals are shorted. If an external 
impedance is connected across these terminals, no 
current will pass through it. But zero secondary 
current signifies an infinite attenuation. 

These considerations naturally apply only approx- 
imately to non-ideal filters in which the coils and 
condensers always have a finite resistance. The 
transmitting and attenuating bands, the limiting 
with 
attenuation are then defined as above, at the same 


frequencies and the frequencies infinite 
time neglecting the resistances. In the transmitting 
bands there is a certain attenuation present; for 
“frequencies with infinite attenuation” the attenu- 
ation is then not infinite but has a maximum. 
In determining the image impedances the resistances 
in the filter coils and condensers can as a rule 


be neglected without introducing any error. 


Image Impedances and Propagation Constants of 
Filter Sections after fig. 1. 


The following three parameters are taken as 
defining a filter: the image impedances Z, and Z, and 
the propagation constant T. The filter sections in 
fig. 1 are however determined by the impedances 
Z, and Z,. We shall express the open-circuit and 
short-circuit impedances in terms of Z,; and Z, 
and then with the aid of equations (1) to (4) 
obtain the image impedances Z, and Z, and the 
propagation constant T’. 

If we form a T-section from two half-sections 
(fig. 2a) then at the junction of the half-sections 


the condition is satisfied that equal image 
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impedances close each other: each of the two half- 
sections is the image of the other. If a /J-section 
is constituted from two half-sections (fig. 2b) this 
condition is similarly met. It thus follows that the 
image impedances of the T-section are the same as 
the image impedances of the half-section on the 
left of fig. ld and that the image impedances of 
the //-section are the same as the image impedances 
of the half-section on the right hand side of fig. 1d. 
Thus in fig. 1b to e there are only two different 
image impedances, which for the sake of clarity 
we shall no longer refer to as Z, and Z, but as Zp 
and Z,, as indicated in fig. 1. The image impedances 
and the propagation constant are most easily 
calculated for the the 
circuit and short-circuit impedances Z, and Z,. 


half-section from open- 


For the left-hand side of the half-section after 
fig. ld we have: 
Lier Lin tia Lig a = ans aro ot oe Ieee GA) 
Lil Ly A. sa Meenas SOO 
Vee Vi Th EEN) CO 9) 
To o i= 1 1 2 | aT one oles (s 


For the right hand side of the half-section according 
to fig. 1d (left hand side of fig. le) we have: 


Hh. cree WY he (10) 
DEL tLis 
hg EL a eee aE 
TAT, 
— \ 2,2, 
Z5= VZ, fi = —— (12) 
ly il 
| Tp 
For both sides of the half-section we therefore get 
Leer ace ae has a say LS) 
Z, ; Fe Lo 
Z; 


The propagation constant T of the half-section 
then satisfies the equation: 


yt EAS 


4Z, 


/14 ] V4, al z 

oF Lis 4Z, 
which is obtained by substituting equation (13) 
in equation (4). 

For a whole section, which whether of the T-or 
the [/-type may be regarded as aseries combination 
of two half-sections, the propagation constant from 
equation (6) is double as great as for the half-section: 
thus for both the T-section and the //-section we 
have: 


(14) 
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We thus see that the magnitudes which define our 
filter sections 3) viz., Zp, Zz and T can be expressed 
in terms of Z, Z, and Z,/4 Z,. Since T depends 
merely on Z,/4 Z,, we will not calculate T but only 
Z,/4 Z, and read T from a graph giving its value 
as a function of Z,/4 Z,. The method ef graphical 
representation will be discussed in the next article. 

As shown at the outset, in the case of filters 
composed of non-dissipative reactances Z,/Z, is 
negative and real in the transmission band. 
Expressed in terms of Z, and Z, this condition may 
be written according to equation (13) as follows: 


(16) 


It follows herefrom that for the limiting fre- 
quencies one of the two relationships: 


Zee a 7 
a7 el (17) 
is satisfied. Z,/4 Z, = 0, when Z, = 0 and Z, + 0, 
or when Z; == co and Z, = co; Z,/4 Z, = — 1, 


when Z, = —4Z,. 

For frequencies with infinite attenuation 
the condition applies: Z,/Z, = -+-1, from which 
through equation (13) we get: 

Z; 

ihe 
ie: 4, = oc and Z, ~ oo, or Z, + 0, Z, = 0. 
This may in fact be directly inferred, for if 


SO'n1 4c ae LO) 


Z, = o, the branch will allow no current to 
pass and the secondary current is therefore zero; 
if Z, = 0, the voltage between the two ends of 


the branch will be zero and behind this branch, i.e. 
also between the secondary terminals, no current 
will flow. The cases where Z, and Z, are both 
zero or infinite require closer analysis. 


m-Transformations 


In the T- and J/-sections as shown in fig. lb and c 


we have studied sections which have the same 
propagation constant but different image imped- 
ances. We shall now analyse a method by which 


2) There is a duality between T-sections and J-sections. 
If in H-sections the admittance 1/Z is introduced as a 
variable in place of the impedances Z, formulae are 
obtained for equations (10) to (12) which are almost identi- 
cal with equations (7) to (9) for T-sections. In this way it is 
possible to apply the results of calculation for T-sections 
to T-sections and vice versa. Equations (21) to (25) for 
the “m,-transformation” and equations (27) to (31) for 
the ‘‘mz-transformation” are examples of this. 
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from a given filter section which may be regarded 
as the fundamental type and whose characteristics 
are denoted by an accent, other sections can be 
derived which have the same image impedance, 
but different propagation constants. It has been 
shown above (p. 272) that the image impedances 
in the transmitting band are real and in the attenuat- 
ing band imaginary. It follows from the fact that 
the derived filters have the same image impedances 
as the fundamental filter that both types also have 
the same transmitting and attenuating bands. 


a) m,-Transformation. We shall first analyse how 
from the half-section in fig. ld another half-section 
can be derived, which on the left has the same 
image impedance Z,; = Z,’. If in the expression 
Z, = |Z,Z, we multiply the short-circuit imped- 
ance Z, with a positive real number m and divide 
the open-circuit impedance Z, by the same value 
m, Z, will remain unchanged. For the original 
half section Z,’ = 1/, Z,', and for the transformed 
section we therefore have: 


Z, = Yor Zy' s (19) 


Ze ee 


thus for the original section Z,) = 
and for the transformed section: 


(20) 


The question now arises as to the composition of 
the filter section conforming with this conditions. 
If Z, and Z, are the impedances of the full branches 
of the transformed section, then it follows from 
equations (7), (8), (19) and (20), that: 


Lp = TL; 3 (21) 


in 
Li ee 


1 
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(22) 
With these values for Z, and Z, for a full section, 
a T-section, a /]-section and a half-section can be 
formed (fig. 5). 

As the image impedance Z, of the T-section 
(fig. 5b) is the same as the primary image imped- 
ance Z, of the half-section (fig. 5d), the image 
impedances Z, of the T-section (fig. 5b) and Z,’ 
of the fundamental type (fig. 1b) are equal, so 
that we have: 


Lr — Lr, : (23) 


independent of the choice of the parameter m. 
From equations (12) and (14) we get however that 
in the transformed half-section Z, and T differ 
from Z,’ and T’. For these sections we then get 


from equations (12), (19), (20), (21) and (22) on 
putting 1 — m? = I/a?: 
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a) Full branches b) T-section 
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mZ;} 


c) I-section 


d) Half-section 


JH1635 


Pig. 5. mp-Transformation. The image impedances Z, of the T-section (b) are equal to 
the primary image impedance Zr of the half-section (d, left) and are also equal to 
the image impedance 7,’ of the fundamental type (fig. 1b). The image impedances 7> 
of the H-section (c) are equal to the secondary image impedance Z- of the half-section 
(d, right), which is however not equal to the image impedance 7.” of the fundamental 
type (fig. lc). The propagation constant T of the T-section (hb) and the I-section (c) 
are equal but not equal to the propagation constant T’ of the fundamental types 


(figs. 1h and c). 
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If therefore T-sections of the fundamental type 
and the transformed type are connected in series, 
equal image impedances will always be obtained 
at the junctions. This does not however apply to 
I]-sections. 

It follows from equation (22) that an m>-trans- 
formation is only rational when: 

0m = 1 (26) 
If m = 0 the filter disappears; for m = 1 we arrive 
back at the fundamental type. 

Since by this transformation of the fundamental 
type Z, does not change, this method is termed 
that of m,-transformation. 


b) mz-transformation. mz-transformations are 


4m s!/ 2m_7! 2m 7! 
j=m2 2 j-m222 j=m2 22 
mZi 


a) Full branches 


6b) T-section 


Fig. 6. m_-Transformation. The image impedances Z_, of the l-section (c) are equal to 
of the half-section (d, right) and also equal to 


the secondary image impedance Z_ 


defined as those in which Z, remains constant. 
A method analogous to that employed in the m,- 


transformation can also be used in the m,-trans- 


formation: 
WT a 4m 
; = the parallel combination of m Z,' and 5.3 
—m 
(27) 
Lo — 4 (28) 
m 
Lela: (29) 
Z Lr : (30) 
| ae T ; i Y5e 2 
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Here again condition (26) must be satisfied. It is 
seen from equations (25) and (31) that at the same 


maze 


YamzZ; 
2 7/ 
m2 
c) H-section d) Half-section 
17164 


the image impedance Z_’ of the fundamental type (fig. Ic). The image impedances 77 
of the T-section (b) are equal to the primary image impedance Z? of the half-section 
(d, left), but are not equal to the image impedance Z, of the fundamental type 
(fig. 1b). The propagation constants T of the T-section (b) and of the H-section (c) are 
equal to each other, and are also equal to the propagation constant for T- and J/-sections 
in mp-transformation (fig. 5, b and c), but are to the propagation constant T’ of 


the fundamental types (figs 1b and c). 
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value of m, Z,/4Z, and hence the propagation image impedances will always be obtained at the 
constant T is the same for both transformations. junctions. This does not however apply to T-sections. 


Fig. 6 shows how from these transformed branches 
of a T-section, a J/-section and a half-section can 


It is evident that, for instance, after applying 
the m,-transformation the transformed section can 


be produced. If /-sections of the fundamental and again be regarded as a new fundamental type and 
transformed types are connected in series, the same an mz-transformation applied to it and vice versa. 


9 A 17158 


Fig. 7. Reactances”composed of 1, 2, 3 or 4 elements. 


Reactance Diagrams. 


A general characteristic of networks 
composed of non-resistive reactances is a 
monotonic increase in the impedance with 
rising frequency, apart from discontinuous 
transitions from + j oo to — Jj oo. As 
an example fig.7 gives the reactances, 
which will be used later as filter branches, 
the reactance being plotted as a function 
of the frequency. In the case of reactances 
having more than two elements, several 
equivalent circuits can be obtained (figs. 
Ze to h). : 

These reactance diagrams offer a simple 
means for deriving at least qualitatively, 
the most important characteristics of the 
propagation constant of a specific filter 
section. 

In the next article it will be shown 
how these reactance diagrams are utilised 
in the analysis of the various simple 
types of sections for low-pass, high-pass 
and band-pass filters. 
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A NEW APPARATUS FOR TESTING THE FASTNESS-TO-LIGHT OF MATERIALS 


By J. F. H. CUSTERS. 


Summary. A testing device is described, which allows to investigate the fastness-to-light 
of materials by means of a short time exposure. 


Introduction 


The colour of no substance is absolutely fast 
to light, and experience teaches that sunlight 
affects every material to a more or less extent, 
causing a permanent photochemical change in the 
colour and frequently also some change in the 
fibrous structure. The changes produced differ from 
material to material, both as regards intensity and 
nature. Some materials become lighter in colour, 
others darker, while again others acquire a colour 
totally different to their original colour. An instruc- 
tive example of decoloration was observed by the 
author in a tobacconist’s window display, where a 
dark chocolate-brown packing had been converted 
to a greenish colour. On prolonged illumination 
the chocolate-brown paper became gradually 
changed to a very stable bright grass green. 

How can the stability of a substance against 
the action of light be tested and how can the 
fastness-to-light be standardised? Where infor- 
mation of the fastness of a colour or material under 
the action of sunlight and daylight is required, 
a suitable method of determining this appears to 
be the exposure of a sample of the material to 
sunlight to observe if after a time an appreciable 
change in colour is obtained. To arrive at standards 
of fastness-to-light it is further necessary to know 
the variation in intensity of the radiation falling 
on the sample of material during its period of 
exposure, since the intensity of illumination is not 
constant. In addition to changes in the altitude of 
the sun (diurnal and annual motion of the sun), 
there are also changes in intensity due to the 
very pronounced fluctuations in the meteorological 
conditions of the earth’s atmosphere. In the course 
of an investigation the cloud conditions are liable 
to vary very considerably; but even without this 
change the intensity also varies owing to the state 
of humidity of the atmosphere. The spectral 
composition of solar radiation is itself subject to 
fluctuation, thus during the winter sunlight con- 
tains much less short-wave ultra-violet rays than 
summer sunlight, and finally the composition of 
direct sunlight differs appreciably from that of 
indirect daylight, where again the cloud conditions 
play an important part. These fluctuations can be 


taken into account by recording with a suitable 
instrument (photo-electric cell or thermopile) the 
solar intensity during the exposure of the sample 
and expressing the quantity of light found in this 
way in terms of a standard unit, for instance the 
amount of light which falls on unit surface of the 
sample in unit time on a bright cloudless summer 
day. It is, however, then tacitly assumed that the 
relative spectral energy distribution of the light 
falling on the material remains constant. On the 
basis of a method of test worked out on these 
lines, fastness-to-light standards could be evolved 
by defining various fastness-to-light classes, each 
corresponding to a specific number of the arbitrary 
standard units of light quantity. 

This method of investigation is, however, very 
cumbersome and tedious, especially when carrying 
out fastness-to-light tests during the winter months. 
It is evident that simpler means must be evolved, 
and to some extent this need has been met. The 
methods arrived at are of two types. On the one 
hand, endeavours have been made to avoid the 
inconvenience already referred to, by starting 
with a series of type colours each of which represents 
a specific fastness-to-light class; the sample under 
investigation is then compared with this standard 
series. On the other hand, an artificial source of 
light has been evolved as a substitute for natural 
sunlight, which has usually a constant intensity 
and with which the given sample is illuminated 
either with or without simultaneous exposure of 
standard type colours. The principal requirement 
which this artificial light source has to meet is 
that the light emitted must have exactly the same 
relative spectral energy distribution as sunlight. 
It is sufficient merely to point out that a low- 
pressure mercury lamp, which is frequently employed 
for this purpose, is actually quite unsuitable, for it 
emits a line spectrum containing only a few lines, 
while the ultra-violet spectral lines radiated have 
too great an intensity. 

With the artificial sources of light employed 
hitherto, it was a common difficulty that to obtain 
an appreciable change in colour in the sample 
irradiation had to be continued for a very long 
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period. In the case of the new apparatus described 
below this difficulty was overcome by concentrating 
the light from a special type of glowlamp in such 
a way that the sample, whose fastness-to-light was 
under test, could be irradiated with 50 times the 
intensity of sunlight. At the same time the spectral 
composition of the light is modified by a suitable 
filter so that it is closely comparable to that of 
sunlight. 


Principle of Operation of Apparatus 


The concentration of the irradiation on the sample 
under test is based on the property of an ellipsoid 
of rotation that every beam of light radiating from 
one focus is reflected at the surface of the ellipsoid 
along a line passing through the other focus. This 
property is utilised in the apparatus described here 
by placing a nearly punctiform source of light at 
one focus of the ellipsoid and the sample under 
test at the other focus. 

Fig. 1 shows the energy distribution E (A) of the 
light from the glowlamp as a function of the wave 
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Fig. 1. Spectral energy distribution curves: 
a) Glowlamp light. 
6) Solar light. 


length in A (curve a). The light source is a 750-watt 
gas-filled tungsten filament lamp, burning at a 
temperature of 3100 deg. K. at which it emits 
a total luminous flux of 20000 lumens and has 
a life of approximately 100 hours. For purposes 
of comparison the energy distribution in sunlight 
is also given (curve b). 

It is seen that the two curves of energy distri- 
bution differ considerably. By means of suitable 
filters they can however be made comparable. 
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The transmission factor of an ideal filter for this 
purpose would at every wave length be proportional 
to the ratio of E (A) for the sun and the glowlamp. 
In the present case, there is the additional im- 
portant requirement to be met that the filter itself 
must be perfectly stable to the action of light, 
so that very few materials can be used as filters. 
An aqueous solution of copper sulphate of a certain 
concentration satisfies these two essential require- 
ments very well, as may be seen from the following. 
Fig. 2 shows the spectral transmission curve of a 
quartz vessel filled with a filter liquid of this type. 
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Fig. 2. Spectral transmission curves for a copper sulphate 
filter. Together with curve a in fig. 1 this curve shows that 
the filter absorbs a considerable portion of glowlamp light. 


This filter is placed near the focus so that the 
radiation incident on the sample passes through 
the filter and is thus partially absorbed. The 
absorbed portion is quite considerable, as may be 
gathered from a comparison of fig. 1 (curve a) 
and fig. 2, since all radiation emitted from the 
glowlamp with a wave length above approx. 7000 A 
— and this is more than 85 per cent of the total 
energy radiated — is absorbed by the filter and 
converted to heat. As a result there is a marked 
temperature rise in the filter vessel, which must 
be avoided in some way or other, e.g. by filtering 
out the long-wave energy before the light reaches 
the filter vessel. A column of water of suitable 
thickness is very useful for this purpose, as shown 
by fig.3 which gives the spectral transmission 
curves for water columns 1 em and 27 em thick. 
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Fig. 3. Spectral transmission curves for water colunins 1 and 
27 cm thick. 
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The second curve applies to the method employed 
here, for in the practical design adopted for the 
apparatus the whole ellipsoid is filled with pure 
water. The dimensions of the ellipsoid are so chosen 
that the path traversed by the light rays from 
focus to focus via the surface of the ellipsoid is 
21 2em. It may be seen from the figure that pure 
water is transparent for all rays from 3000 to 7000 A, 
while above 9000 A all the incident rays are absorbed. 
The light energy absorbed by the water is indeed 
so great that special provision has to be made for 
dissipating the heat evolved; details of the method 
adopted are given below. Fig. 4 shows the energy 
distribution in the plain glowlamp light (1), in the 
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Fig. 4. Distribution of spectral energy in glowlamp light: 

1) In plain lamp, 

2) After the light has been passed through 27 cm of: water, 
and 

3) After it has also been passed through the second filter, 

4) Energy distribution in sunlight (for comparison with 
curve 3). 


light after passing through the column of water (2), 
and after being passed through the second (copper 
sulphate solution) filter (3), as well as that in the 
sunlight which reaches the earth (4). It is seen that 
there is very good agreement between the relative 
spectral energy distributions in sunlight and the 
light issuing from the apparatus under discussion. 
The deviation is greatest at wave-lengths above 
approximately 6000 A. In this wave-length range 
the photochemical effect of the light is however 
so small that this difference may be neglected. 
It has been shown by investigations made by Rein’) 
that the photochemical changes observed in materials 
are due principally to the visible radiation with very 


1) H. Rein, Z. angew. Chem. 47, 157, 1934. 
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high energy. By comparative illumination experi- 
ments of objects through quartz glass (complete ex- 
posure to solar radiation) and through window glass 
(elimination of wave range below approx. 3250 A) 
Rein showed that contrary to common opinion 
the short ultra-violet of sunlight contributes only 
very little to the action of sunlight on all kinds 
of coloured materials. It depends entirely on the 
absorption spectrum of the material under inves- 
tigation which range of wave-lengths causes the 
White 


pigments (e.g. white or undyed textiles or dyes, 


most marked decoloration. and yellow 
white paper, films, etc.) which absorb ultra-violet 
light exclusively and whose absorption usually 
increases with diminishing wave length, exhibit 
very marked differences on illumination through 
quartz glass and window glass. It is therefore 
desirable for the artificial light source to cont- 


3000 A. 


materials not only absorb in the ultra-violet, but 


ain wave-lengths down to Coloured 
also a considerable proportion of waves in the 
visible part of the spectrum, and since the sun 
is richest in just these rays the photochemical 
action of sunlight is particularly due to this range 


of wave lengths. 


Construction of Apparatus 


The general construction of the apparatus evolved 
is shown in fig. 5. Owing to the difficulties encount- 
ered in the construction of a complete ellipsoid, only 
the upper half of the ellipsoid has been employed 
and fitted at the top with a neck. The lower side 
consists of a conical jacket which at the bottom is 
closed by a quartz plate K. On the interior the ellips- 
oid is bright chromium-plated. The coefficient of 
reflection of chromium for vertically incident light 
varies in the wave-length range in question here 
(from 3000 to 7500 A) from 62 to 71 per cent. 
Since the greater part of the light from the glowlamp 
strikes the surface at a fairly flat angle, the average 
coefficient of reflection is in fact much greater. 
The ellipsoid and _ the filled with 
water up to the edge of the neck. The incandescent 
filament of the lamp is situated at the focus B’, 
this lamp being made from a specific kind of glass 
to prevent the immersed part of the bulb from 
eracking. The liquid filter vessel is located at C 
and is also immersed in the water filling the 
ellipsoid, for in spite of preliminary filtering 
through water so much heat is still generated in C 
that if the vessel were placed in air it would crack. 
In the arrangement adopted here, the heat developed 
in C is absorbed by the water. To provide additional 
means for the dissipation of the heat, the ellipsoid 
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has been fitted with a cooling jacket N connected 
to a water tap at c; d is the outlet for the cooling 
water. The sample of material irradiated is located 
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Fig. 5. Construction of the fastness-to-light meter. B’ is the 
incandescent filament of the lamp situated at one focus of 
the ellipsoid. The glowlamp is always accurately positioned 
at the focus B’ as it is secured to the holder H by a positioning 
flange. C is the copper sulphate filter. The sample under test 
is placed at the other focus B” and is fixed to a turntable 
holder; it can be cooled by the electric blower B. 


at the focus B” which is slightly below K. The 
sample is clamped to a metal holder under a circular 
diaphragm 15 mm in diameter (for which springs 
V’ and V” have been provided), so that one part 
is exposed to radiation and the other part is 
screened. In spite of the extensive measures taken 
to absorb the long-wave energy in the two light 
filters supplementary cooling of the sampling has 
been found necessary in some cases. This is indeed 
not surprising when it is remembered that the 
effective intensity of illumination of the sample 
is about 50 times the intensity of sunlight. A con- 
siderable proportion of the light falling on the 
sample is converted to heat and to dissipate this 
heat energy cooling water is circulated through the 
centre of the sample holder and flows out through 
b, entering the cooling jacket N at c. In this way 
an excessive temperature rise at the sample is 
effectively avoided, provided that the material 
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itself is a good conductor of heat (or is sufficiently 
thin) and a heat conducting path is established 
with the metal holder. If this cannot be achieved, 
as with woollen or rough materials which are able 
to accumulate warm air between the fibres, cooling 
from above is essential, and is provided by a rapid 
current of air directed by the electric blower B 
against the surface of the material. 

In regard to the fixing of the light source it 
should be mentioned that the glowlamp is fitted 
with a so-called positioning flange with which the 
lamp is secured in the holder H in an invariable 
position; the holder H rests against the head S and 
is secured with the clip L.The incandescent filament 
of the lamp is thus always brought exactly into 
the focus of the ellipsoid. A mains-fed transformer 
is employed for feeding the lamp and motor and 
is accomodated in the foot of the apparatus. The 
current consumption of the lamp is indicated on 
the ammeter M and can be regulated by means of 
two switches. A general view of the whole apparatus 
is shown in fig. 6, while fig. 7 shows the rotary 
plate holder for the sample of material under test. 

Although tungsten, which volatilises during the 
running of the lamp, rapidly blackens the lamp 
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Fig. 6. General view of fastness-to-light meter. The total height 
of the apparatus is approx. 85 cm. 
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Fig. 7. View of the lower side of the meter showing the turn- 
table holder for the sample under test and the fan with blower 
hood for cooling the sample when necessary. 


bulb the surface round the incandescent filament 
remains perfectly clear in view of the special design 
of the lamp adopted. The luminous flux of the 
apparatus is thus maintained constant throughout 
the life of the lamp. 


Results of Investigations with the New Apparatus 


Apart from extensive experiments carried out 
to determine the comparative illumination inten- 
sities of the apparatus and the sun, a series of 
comparative tests were also made with a variety 
of samples of material. Thus 30 kinds of offset 
printed colours of different shades and degrees of 
fastness-to-light were irradiated, every colour 
showing the same degree and type of fading after 
30 minutes exposure in the apparatus as obtained 
with exposure to sunlight for a period of eight sunny 
days in September. The yellowing of various kinds 
of white paper was found to be exactly the same 
in this apparatus as on irradiation by sunlight; the 
normal colour of newsprint was altered after two 
hours illumination to a yellowish brown. Coloured 
samples of paper with a low fastness-to-light 
exhibited a marked fading already after three 
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minutes irradiation, while after 30 minutes they 
had been completely bleached. 

Samples of textile materials were also tested. 
An apt example is the series of standard blues 
already referred to, which under the fastness-to- 
light meter became decoloured in the same way 
and in the same order as when exposed to Bolat 
radiation. This series contained eight examples, 
numbered from I to VIII, the fastness-to-light 
coefficient increasing from I to VIII. No. I exhibited 
a distinct decoloration already after three minutes 
exposure in the meter, and No. V a just detectible 
change after an hour’s exposure. If a textile material 
shows no distinct decoloration, after one hour’s 
exposure it appears to be adequately fast to light. 

Owing to the variety of practical requirements 
which have to be met, the time of exposure to 
light which a sample must be able to sustain 
without decoloration varies according to the 
nature of the sample. In the case of textiles it 
is reasonable to prescribe a minimum period of 
exposure of at least an hour, for printed colours 
(black and other colours) on paper at least half 
an hour, and for varnished colours at least two 
hours before a change in colour takes place. 

With certain textiles a striking behaviour was 
observed. On exposure to irradiation they became 
darker and during a subsequent period of non- 
irradiation they regained theic original colours 
almost completely, only a slight residual change 
being detectible. Owing to the weak intensity of 
sunlight this behaviour is barely or not at all 
visible under normal conditions (many lithopones), 
since the material has an opportunity to recover. 
Actually after suitable solar irradiation the residual 
effect alone is observed. In general, only materials 
with a pronounced fastness-to-light exhibited this 
reversible behaviour in tests with the apparatus. 
In practice the same standards can be retained here 
as adopted for materials showing a normal 
behaviour; after irradiation a short period must 
be allowed to elapse to see whether the darkening 
in colour disappears or not. 

In conclusion, reference must be made to the 
possibility of using the apparatus described for 
formulating fastness-to-light standards. To stand- 
ardise this property in terms of solar exposure 
hours has very little practical value. Since the 
apparatus described here permits a _ constant 
intensity of irradiation to be maintained, and 
according to experience produces the same fading 
as the sun, it offers a standard illumination for 


use in fastness-to-light tests. 
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FESTIVE ILLUMINATION OF THE NETHERLANDS CRUISER “DE RUYTER 


reroorty CTHtV AAA AL UA VAR ON 


OAV AS 


For visits in foreign harbours this new cruiser has been 
equipped with an installation by means of which the entire 
vessel can be brightly illuminated, without having to depend 
upon search-lights on the shore. The grey hull is lighted 
by 24 incandescent lamps of 500 watts in enamelled reflectors, 
which are hung outboard from suspension poles 20 ft. long. 


The fire-control tower, which is about 65 ft. high, is illuminated 
by six 750-watt lamps in mirrored reflectors. The gun-turrets, 


the boats and other accessories are lighted 


gether, 30 kilowatts have been installed 
illumination. 


separately. Alto- 
for this festive 
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THE PERCEPTION OF COLOUR 


By P. J. BOUMA. 


Summary. The principles of colour vision are discussed in this article. consideration 
of the problem being limited to its qualitative aspects. An investigation is made of the 
conditions determining the production of a colour sensation. Following consideration 
of the effect of the nature of the incident light and the characteristics of the object il- 
luminated, the properties of the eye are discussed. It is shown that all colour sensations 
or impressions can be represented graphically in a plane. The effects of very low brightness 
levels and of simultaneous and successive contrast are then considered, and finally brief 
reference is made to the theory of colour vision. 


“When I look out of the window, I see that the 
grass is green”. 

We all agree with this statement, but as a rule 
we do not realise the vast complexity of phenomena 
which lead us to draw this apparently simple 
conclusion. 

The sun illuminates the grass with light con- 
taining practically all wave-lengths of the visible 
spectrum in definite proportions. Of the incident 
light the grass reflects a certain portion, but 
not the same proportion of each of the various 
wave-lengths is reflected. A portion of the reflected 
light — whose spectral composition is thus different 
from that of the incident sunlight — impinges 
on the eye, penetrates into it and after refraction 
in the lens and_liquids of the eye throws an image 
on the retina. The formation of this image produces 
certain stimuli in the optic nerves; these stimuli 
are transmitted to the brain and there become 
registered by our conciousness; the impression 
which we finally receive we describe briefly by the 
statement: “I see the grass. is green”. 

This step by step analysis of the process of 
vision also teaches us the conditions determining 
the production of a specific colour sensation. 


Effect of the Nature of the Incident Light 


The nature of the light falling on the grass can 
differ in two particulars, viz., 

1) In character (spectral composition). 

2) In quantity (intensity of illumination). 

To visualise the effect which the spectral com- 
position of the incident light has on the colours 
of illuminated objects, let us consider a few im- 
portant practical examples: 

a) If sunlight is replaced by nearly monochromatic 
sodium light, then all objects are almost 
exclusively illuminated with wave lengths of 
5890 and 5896 A. Whatever may be the 
properties of reflection of the objects, they can 
never reflect any light other than rays of these 


») 


The 
that the same type of light impinges on the eye 


particular wave-lengths !). net result is 
from every object: We see all objects as yellow, 
and only the “dark” objects, which reflect only 
a small amount of light, appear a brownish 
yellow. It cannot be expected that in these 
circumstances the grass will still appear green. 
In light from a mercury vapour lamp our 
surroundings already have a much closer 
resemblance to their appearance in the “world 
of daylight”; nevertheless it is observed that 
various objects exhibit an unnatural, i.e. 
abnormal, colour. This is mainly due to the fact 
that the red rays are absent in mercury light 
and all blue rays have been concentrated to a 
single wave length (4358 A). Since the in- 
cident light has a different spectral composition 
to daylight, this will also be the case with the 
reflected light, with the net result that the col- 
ours appear different to us. 

Also when we use the light from ordinary 
electric glowlamps our surroundings will again 
appear different to what we see in daylight. 
That the difference in this case is less striking 
is partly due to the fact that we have become 
more accustomed to this type of light, and 
partly because the light from a _ glowlamp 
with its continuous spectrum differs much less 
from sunlight than, for instance, sodium and 
mercury light. Very striking are, however, the 
differences when we view the same surroundings 
in quick succession in daylight and glowlamp 
light, or when a sheet of paper is illuminated 


half with daylight and _ half with glowlamp 
light (for instance when the paper is held in 


We must here make an exception of the so-called 
fluorescent substances, i.e. chemical substances which 
transform incident light into light of different (longer) 
wave length. Thus rhodamine converts yellow sodium 
light into red light and is therefore employed in practice 
for making traffic signals (boards) appear red on sodium 
illumination. 


front of a gap in the curtains in a room from 
which daylight is excluded, and the two halves 
are separated by another sheet of paper fixed 
perpendicular to them). In this case the half 
sheet illuminated with daylight will appear 
slightly bluish and the other half a pale orange 
yellow ?). 

These examples show clearly that colour is not a 
property of the objects themselves but a result 
of the combination of the source of light, the object 
viewed and the eye. 

If the spectral composition of the light is left 
unchanged, we can vary the amount of the in- 
cident light (intensity of illumination) and hence 
also the quantity of the reflected light (brightness 
of the object) within wide limits, without observing 
a marked alteration in the nature of the colour 
sensations produced by the objects viewed: Grass 
will appear green both on a bright sunny day 
and in dull weather. Only when the objects have 
very low brightness values (e.g. in a moonlight 
landscape) will the brightness have an appreciable 
effect on the nature of the colour. We shall return 
later to a discussion of this point in greater detail. 


Effect of the Characteristics of the Object 


The yellow flower which grows among the grass 
receives exactly the same sunlight, but reflects 
different proportions of the various wavelengths 
than those reflected by the grass. As a result the light 
from the flower which impinges on the eye has a 
different spectral composition to the light coming 
from the grass. Owing to the specific characteristics 
of the eye we perceive this difference in composition 
as a difference in colour: the flower appears yellow, 
and the grass appears green. 

The part played by the object in producing a 
colour sensation consists therefore exclusively 
in the fact that it reflects a specific portion R(A) 
from light of a particular wavelength /. If E (A) is 


the spectral composition of the incident light, then 


the spectral composition of the reflected light is 


Pele ESA). 

If R is the same for all wave lengths, the reflected 
light will have the same spectral composition as 
the incident light and will also produce the same 
colour sensation (provided R is not too small). 
Viewed in daylight such an object will appear 
white (or grey if R is small), and it is usual therefore 
to speak in this case of a “white object’’, although 
the same object viewed in sodium light will na- 
turally appear to be yellow. 


*) The difference is emphasised here by simultaneous 
contrast, which is referred to in greater detail below. 
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If R is not the same value for all wave lengths, 
the reflected light will have a different composition 
to the incident light. In daylight such an object 
will then usually not appear to be white, and in this 
case we generally ascribe a specific colour to the 
object, although with another kind of incident 
light it will as a rule produce a different colour 
sensation (in certain circumstances even appearing 


to be white). 


The “Normal” Mixing Characteristics of the Eye 


3) acts simultaneously as 


The “Visual organ 
a receiver, transformer and reproducer for colours 
and thus constitutes the most complex link in the 
chain of generating a colour sensation. 

We shall first summarise briefly the various 
problems entailed here. 

1) How does the eye operate as a mixer for rays of 
different wavelength, i.e. what colour sensations 
do the various spectral mixtures produce which 
can impinge on the eye? 

2) How do these characteristics change with very 
small brightness values ? 

3) How is the eye’s ability to discriminate colours 
affected by the simultaneous presence of ob- 
jects of different colour in the field of vision ? 

4) Are the characteristics of the eye affected by 
light sensations to which it is exposed just 
previously to viewing a particular object ? 

5) What individual variations occur in the “colour 
characteristics” of the eye? 

To obtain an insight into the first problem, 
consider the four other influences as absent, i.e. 
an object with a brightness above a certain limit 
(about 3 candles per sq. m) is viewed with a 
of another 
colour being present in the field of vision. For these 


non tired normal eye, no objects 


conditions let us determine the various colour 
sensations corresponding to different spectral com- 
positions of the light incident on the eye *). 

Each specific spectral distribution produces a 
definite colour sensation in the eye. Is the converse 
also true? Can we deduce the spectral composition 
of the light from the nature of the colour sensation 
obtained? This question must be answered in the 
negative. A specific colour sensation can be pro- 
duced by entirely different spectral compositions. 


*) ‘Visual organ” is defined as the combination of the eye 
proper, the optic nerve and that part of the brain which 
assists In creating a colour impression. The term “eye” 
is usually also defined in this broad sense, for of many 
phenomena in vision we are unable to determine in which 
part of the organ they actually take place. 


=) Consideration is omitted here of whether the light which 
impinges on the eye is derived directly from the light 
source or is first reflected by an object. 
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The well-known phenomenon of complementary 
colours should be recalled: A combination of two 
spectral colours (e.g. blue 4800 A and yellow 
5800 A) can produce exactly the same colour im- 
pression as the continuous solar spectrum. 

In the same way as we have here simulated the 
colour of sunlight by mixing two colours of the 
spectrum, it has been found possible by suitably 
mixing three spectral colours (e.g. red 7000 A, 
green 5200 A and blue 4800 A) to obtain practically 
all compound colours *). 

An interesting survey of these mixtures is afforded 
by a graph in which every colour sensation is in- 
dicated by a specific point on the plane of the paper. 
In fig. 1 the three primary colours of the spectrum 
mentioned above are indicated by the points 1, 
2 and 3. To represent other colour sensations in the 


@ 


Fig. 1 — Mixing of colours from three primary colours: 
1) Red 7000 A; 2) green 5200 A;3) blue 4800 A. W represents 
white; A, B, C, D are orange, yellow, yellowish-green and 
bluish-green respectively; the line 1—3 embraces the shades 
of purple. G represents the spectral blue-green, which must 
be mixed with white (W) in order to give the blue-green D. 
E is produced by mixing W and 2. 


diagram the mixture of two colours be _ re- 


presented by the points in the line joining the two 
points for these colours. We thus get the line 1—2 
for all colour sensations which can be simulated by 
a suitable mixture of J and 2. The position of the 
mixture on the line is determined by the ratio 


5) The type mixture referred to here must not in any way 
be confused with the mixing of dyes which follows entirely 
different laws. The two methods of mixing are fundamentally 
different: In the first case one type of light is mixed with 
another, both being allowed to fall on the eye simul- 
taneously or with the aid of a sector disk being thrown 
into the field of vision in rapid sucession, whilst in the 
second case each of the two dyes absorbs a specific pro- 
portion of the incident light. The results achieved by 
these two forms of mixing are also quite different: If 
yellow and blue are mixed by the sector method they will 
give, as complementary colours, white or grey on a correct 
choice of the ratio. But if a blue dye is mixed with a 
yellow dye, the former will absorb red and yellow rays and 
the latter the blue rays of solar light, so that a green 
colour is left. 
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in which we must mix the two components; the 
greater the percentage of colour | required the 
closer will be the point to 1 which represents this 
colour *). To determine the position of a particular 
colour, e.g. white, we must first assume a mixture 
of the requisite amounts of J and 2. This mixture 
is represented by the point B. White is now pro- 
duced by a suitable mixing of B and 3 (B is thus 
a complementary colour to 3). The point W is 
therefore on the line B—3, its position on this line 
being determined by the ratio of B and 3 in the 
mixture. In this way every colour sensation which 
can be produced by a mixing of the three primary 
colours can be represented by a point within the 
triangle 1-2-3. What are now the relative positions 
of the various colours in this triangle? 

The mixtures of J and 2 are: orange (A), yellow 
(B) and yellowish green (C). Along the line 2-3 
the various shades of bluish-green (e.g. D) are 
situated, while along the line 1-3 are the different 
shades of purple. From the method of representing 
the colour mixtures adopted here it follows that 
two colours are complementary when the point 
W lies on the line joining them. The pair of colours 
B-3 is an example of this. Furthermore we see that 
the colour sensation EF can be simulated by mixing 
spectral green (2) with white (W); this mixture 
produces a sensation of an “unsaturated” (pale, 
bleached, dull) green. The closer this point FE is 
moved towards 2 the deeper will be the colour, 
finally reaching its maximum saturation at 2. 

If the point F is moved along the line WD a 
progressive intensification in the bluish-green colour 
is similarly observed, but contrary to the previous 
example the maximum saturation is not yet 
reached at D. For among the spectral colours 
there is still a deeper bluish-green, which must 
be mixed with a certain amount of white (bleached) 
in order to give the point D. Thus in our method 
of representing mixed colours we must represent 
this spectral bluish-green by a point G on the line 
W-D produced: The point D must be situated 
between W and G. 

Similar considerations apply to all spectral 
colours, and these are all (with the exception of 
1, 2 and 3) represented by points outside the 
triangle 1-2-3. 

In fig.2 the same triangle 1-2-3 has again been 
drawn but with the spectral colours included. 
The numbers relate to the wave lengths. If we also 
draw the line 1-V, connecting the two ends of the 
6) Quantitative scales can be always so chosen that the 

method of representation never results in contradictions. 


The quantitative side of the problem will be discussed 
in a later article. 
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spectrum with each other, we again find by our 
method of representing colour mixtures that all 
colour sensations can be represented by points 
situated within the figure enclosed by the curve 
of spectral colours and the line 1 V. (For all colour 
sensations are produced by mixing spectral colours 
and these mixtures are all situated within the figure 


referred to). 


A € 
17150 


Fig. 2. The same graphical representation as in fig. 1; the curve 
represents the spectral colours and is enclosed in a triangle 
ABC in order to enable the colours to be expressed numerically. 
H represents glowlamp light and N sodium light. 


The wave-length of the spectral colour G is 
termed the predominant wave-length of the 
colour sensation F’. If F can be simulated by mixing 
a luminous flux L, of white light with a beam L, 
of the spectral light G, the ratio L,/(L,+L,) is 
termed the colorometrie purity of the colour F. For 
white this ratio is thus equal to zero; it increases 
progressively along the line W-G and reaches its 
maximum value at the spectral curve (i.e. 1). 
The strongest saturated purples are situated along 
the line 1-V. 

To express the various colour sensations numeri- 
cally, an isosceles triangle ABC (fig. 2) is drawn 
which completely encloses the spectral curve, and 
the position of the point which produces a specific 
colour sensation, is than expressed by the ratio 
of the distances of the point from the three sides 
of ABC. In this way every colour sensation is 
expressed by the ratio of three numbers. 


Effect of Brightness on the Mixing Properties of 
the Eye 


As already indicated the “standard” mixing 
characteristics of the eye discussed above are valid 
only above a certain brightness level (approx. 
0.3 candles per sqft.). Below this limit the rods 
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come into action in addition to the cones’). The 
resulting effect on colour vision can be described 
in broad outline as follows: When vision is restricted 
to the rods exclusively (extremely low bright- 
nesses), no colour differences ave apparent and 
everything appears to be grey. If the brightness 
is in that range in which both cones and 
rods operate, we may expect to see a composite 
colour formed from the colour apparent on using 
the cones (e.g. F in fig. 2) and the grey colour 
seen with the rods. Applying this rule of mixtures 
and starting with a colour F and gradually reducing 
the brightness (retaining the same spectral distri- 
bution) we shall eventually arrive at a colour sen- 
sation corresponding to a point between Wand F. 
In other words: In the transmission range from 
“cone” “rod’’ vision colours become 
steadily paler, finally all passing over into the 
grey of “rod” vision at very low brightness levels. 
This phenomenon is in fact observed when dusk 
falls. The rate at which the colours become paler 
depends on the choice of colour. The brightness 
ratio between individual colours also changes when 


dusk falls §). 


vision to 


Simultaneous Contrast 


Up to the present we have made the assumption 
that the colour under investigation is the only 
one in the field of vision. If a second colour appears 
alongside the first colour, the remarkable phenom- 
enon is observed that the first colour appears to 
have undergone a change as compared with when it 
was present alone. The difference between the two 
colours becomes intensified by their appearance 
simultaneously (simultaneous contrast). With the 
aid of fig. 2 we can in fact state in advance in which 
direction the chromatic displacement will approxi- 
mately occur: The two points in the colour triangle 
sum to move further apart and will repel each 
other equally. This behaviour explains the result 
obtained in the experiment described above in 
which white daylight (W) was compared with 
yellow glowlamp light (H); as a result of simul- 
taneous contrast the points move further away 
from each other; the daylight appears bluish and 
the artificial light has a definite orange-yellow. 
The well-known phenomenon that when sodium 
light (Na) and glowlamp light (H) are present 
simultaneously the latter appears bluish can also 
be explained on these lines °). 


”) Regarding the functions of the rods and cones, see Philips 
techn. Rev. 1, 105, 1936. 


8) On this point, see Philips techn. Rev. 1, 142, 1936. 


°) The effect is here very marked owing to the high saturation 
of the sodium light. 
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The colour sensation is also affected in quite 
another way by the surrounding conditions. The 
reader will have noticed that in discussing the colour 
triangle no mention was made of grey and brown. 
As already pointed out the impression of “grey” 
is obtained when the object being viewed emits 
the same type of light as a “white” object, although 
having at the same time a low coefficient of 
reflection. Grey is thus really the same as white, 
in the sense that a white object in general has a 
brightness higher than that of its surroundings and 
a grey object a lower brightness: As a result of 
simultaneous contrast the surroundings make white 
appear grey. If a white paper and a grey paper 
are separately illuminated in dark surroundings, 
the grey e.g. receiving about five times more 
light, it is quite readily possible to make the 
two sheets appear to have exactly the same colour. 

In the same way as grey may be produced from 
white by simultaneous contrast, brown may be 
obtained from yellow, orange or red. This can also 
be demonstrated by a similar experiment. To a 
lesser extent the same phenomenon occurs with 
green, and at low coefficients of reflection the so- 
called olive green is produced. 

Finally, it should be pointed out that simul- 
taneous contrast in the same way as it intensifies 
colour differences also emphasises differences in 
brightness: A small white spot in a large black 
field appears much brighter than the same white 
in a large white field. 


Successive Contrast 


By successive contrast we understand the effect 
of a prior illumination of the eye on the subsequent 
differentiation of colour. These phenomena are 
of a similar type to simultaneous contrast: When the 
eye has become accustomed for some time to a 
sodium light a white light will again appear to be 
bluish. 

If the intensity of prior illumination were very 
powerful (we have for instance looked directly 
at a lamp for a time), this phenomenon will result 
in the appearance of an after-image; For a brief 
period an image of the object previously viewed 
will persist, sometimes dark and sometimes bright 
against the background and frequently with quite 
different colours than possessed by the original 
object. Such after-images are very disturbing to 
vision and play an important part in glare problems. 


Theory of Colour Vision 


Only brief reference will be made to this subject; 
as it is beyond the prescribed scope of this Review. 
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Moreover, as yet very little definite information 
has been gathered of the mechanism of colour 
vision. 

The study of the phenomena of colour vision has 
led to the enunciation of two different sets of 
theories, which subsequently have become expanded 
in a variety of directions. 

The first, Young and 
Helmholtz, assumes that three sensations can 
take place in the eye; the first sensation is excited 
to the greatest extent by red light, the second 
by green light and the third by blue light. On 


the basis of this assumption the mixing laws 


due originally to 


established experimentally are readily explained: 
each colour provides a stimulus for the three 
fundamental sensations in a specific ratio, and it 
can thus be actually expressed by the ratio of 
these magnitudes. With this can 
moreover readily account for the occurrence of 
different types of colour blindness on the simple 
assumption that in these one or other of the three 
fundamental sensations is absent. 

The other theories, due initially to Hering, 
assume three sensations each of which can take 
place in two directions: A blue-yellow sensation, 
a red-green sensation and a black-white sensation; 


theory we 


blue light displaces the first sensation in the one 
direction and yellow light displaces it in the opposite 
direction, etc. A theory on these lines gives us a 
better insight into the sensations experienced with 
simultaneous and successive contrast, after-images 
and fatigue phenomena, etc., but does not give 
such a natural and simple explanation of the 
representation of colours in a colour triangle as is 
offered by the Helmholtz theory. 

It has hitherto not been possible to demonstrate 
anatomically that three kinds of nervous elements 
exist in the retina or that three kinds of chemical 
phenomena take place there. 

In conclusion a few words may be added regarding 
binocular colour mixing. If the two eyes are 
exposed to light of different colours, a mixed colour 
is obtained with most persons, the same mixing 
rules applying in general to this sensation as to 
ordinary mixing. With other persons such a mixture 
cannot be obtained and as a rule these will see 
only one of the two original colours. From the 
existence of binocular mixing it may be concluded 
that the mixing processes — at least the combi- 
nation of the primary colours to give a simple 
colour sensation — do not take place on the retina 
or the optic nerve, but at some deeper point, pos- 
sibly not before the brain is reached. 
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A. E. van Arkel, E. J. W. Verwey 
and M. G. van Bruggen: Ferrites I 
(Rec. Trav. chim. Pays- Bas, DD, 
331-339, May, 1936). 


No. 1093: 


Radiographs were made of mixtures of oxides 
of bivalent metals (MO) with ferric oxide (Fe,O3) 
in different proportions, which had been strongly 
heated from 1200 °C up to 1300 °C. for several 
hours. The radiographs indicated that mixtures 
containing a high percentage of Fe,O; have com- 
parable structures. At high temperatures (up to 
1300°C.) the ferrite phase (with spinel structure) 
stretches far towards the Fe,O, side. At lower 
temperatures (800° to 1000°C) this area is con- 
siderably contracted. From a_ crystallographic 
standpoint, solid solutions in which the iron content 
is greater than corresponding to the ratio MO: 
Fe,0, = 1:1 may be regarded as “differential 
phases” as defined by Haigg. Compounds with a 
composition 2 MO. 3 Fe,QO, as assumed by Hil- 


pert do not exist. 


No. 1094; E. J.W. Verwey, A. E. van Arkel 
and M. G. van Bruggen: Ferrites 
II (Rec. Trav. chim. Pays-Bas, 55, 


340-347, May, 1936). 


At high temperatures (up to 1400 °C) the pro- 
portions in which ferrites are miscible with metallic 
(Mn;0,) 
dissolves considerable quantities of Fe,O, (at 
1300 ° up to Mn,O, : Fe,Q, = 1 : 6), whereby its 
tetragonal lattice gradually passes over into the 
cubic lattice of ferrite. Solid solutions of MgO 
with Mg Fe,O, and of Ni O with Ni Fe,0,, which 
are formed at high temperatures, segregate slowly 
at about 1000 °C. The elementary cell for ferrite 
is almost exactly double as great as that for the 
oxides. Segregation can therefore be investigated 
by X-ray methods only on the basis of calculated 
and observed intensities of the diffraction lines. 
Magnetic measurements reveal the segregation far 
more accurately than X-ray measurements, and 
the latter much better than observations with the 
microscope. 

With a ratio of Cu O: Fe,O, = 3: 1 a new com- 
pound is formed in copper ferrite. 


oxides are investigated. Hausmannite 


No. 1095: J. H. de Boer and J. D. Fast: 


The a-8 transition in zirconium in the 


presence of hydrogen (Rec. Trac. chim. 
Pays-Bas, 55, 350-356, May, 1936). 


Both a and f zirconium absorb hydrogen. The 
solubility decreases in both modifications with 
rising temperature. Hydrogen is absorbed when a 
zirconium is converted into f/ zirconium at rising 
temperature and in a hydrogen atmosphere. On 
cooling f zirconium passes over into the a modi- 
fication and at the same time liberates hydrogen. 
The transition of a zirconium into the / modifi- 
cation appears to be responsible for the very rapid 
absorption of hydrogen observed by Clausing 
and Ludwig when a zirconium wire is allowed 
to cool. 
No. 1096: A. G. Boer, E. H. Reerink, A. 
v. Wijk and J. v. Niekerk: A na- 
turally occurring chicken provitamin-D 
(Proc. Roy. Soc. Amst., 39, 622-632 
May, 1936). 


This paper describes the preparation and pro- 

perties of provitamin-D which is a constituent of 
cholesterol. The probable structural formula de- 
duced from various data is confirmed by different 
reactions and proved by comparison with pure 
synthetic 7-dehydrocholesterol with which the new 
provitamin D is identical. By irradiation a vitamin 
D is obtained whose anti-rachitic action on chickens 
is comparable with vitamin D from cod-liver oil. 
No. 1097: W. Uyterhoeven and C. Verburg: 
Température des électrons (T,) dans 
une décharge en colonne positive dans 
un melange Ne-Na (C.R. Acad. Sci., 
Paris, 202, 1498-1500, May, 1936). 


In a previous paper (see Abstract No. 1047) 
the authors have indicated that the addition of a 
little sodium vapour to neon causes the voltage 
drop in the positive column to increase conside- 
rably. In the present paper probe measurements 
in a column of Ne-Na are described. The tem- 
perature of the electrons (T,) and the concen- 
tration of the ions (n,) are determined as a function 
of the temperature of the wall of the tube, i.e. as 
a function of the Na concentration. The electron 
temperature attains a maximum of approx. 23 000°K. 
with one atom of sodium to 10000 atoms of 
neon; in the case of pure neon and other conditions 
being equal the temperature is 19500 °K. 
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